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ABSTRACT 

A novel volcano-style f i e l d  i o n i z a t i o n  source developed by SRI 
I n t e r n a t i o n a l  was t e s t e d  wi th  e i g h t  d i f f e r e n t  gases: hydrr-Ssn, helium, 
aaaonia, methane, argon, neon, water vapor, and hydrogen s u l f i d e .  For 
ammOnia, hydrogen s u l f i d e ,  and water, t h e  i o n i z a t i o n  e f f i c i e n c y  of t h e  

f i e l d  fon iza t ion  source vas determined as a funct ion of t h e  electrical 

p o t e n t i a l  d i f f e r e n c e  between the  i o n i z e r  and its counterelectrode.  The 

ioniza'ion e f f i c i e n c i e s  f o r  the  o t h e r  gases  were too low t o  be measured 

in t h e  present  apparatus.  I n  a second p a r t  of t h e  p r o j e c t ,  we s tud ied  

t h e  ope ra t ing  c h a r a c t e r i s t i c s  of a f i e l d  emission cathode, another  

device developed by SR?, i n  the  presence of the  same e i g h t  gases  a t  

p re s su res  up to 10 torr. The presence of the  gases caused l i t t l e  or 

no s i g n i f i c a n t  change i n  t h e  e l e c t r o n  emission from t h e  cathodes. Our 

r e s u l t s  i n d i c a t e  t h a t  the  f i e l u  emission cathode has advantages over 

e l e c t r i c a l l y  heated cathodes as a source of an e l e c t r o n  beam i n  space- 

c r a f t  mass spectrometers.  
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INTRODUCTION 

SRI I n t e r n a t i o n a l  has developed a timber of f i e l d  emission cathodes 

and f i t l d  i o n l a e r s  t h a t  are produced by microf a b r i c a t  ion techniques 

baed on $bin film depos i t i on  technology. 

der  ribed i n  t h i s  r epor t  was to test two of these dev ices  to  deterwine 

the  f e a s i b i l i t y  of applying them t o  t h e  ion i ta t fo t t  of e i g h t  selected 

88~48. 

I I O U ~ C C ,  which produces p o s i t i v e  ions d i r e c t l y  from t h e  j.Bses, and t h e  

5000-tip t h i n  film f ie ld-etol t t lng cathode, whtch produces high c u r r e n t s  

of e l ec t rons .  

BIpI#)nia, methane, argon, neon, water, and hydrogen s u l f i d e .  Because t h e  

testing of these two very d i f f e r e n t  dev ices  proceeded as cwo separate 

tasks ,  ch is  f i n a l  r e p o r t  is divided i n t o  two sepa ra t e ,  cr.d e w i e n t i a l l y  

sclf-cont- 'ned, parts .  Part I desc r ibes  the  work done and the  results 
sbtained with  t h e  volcano-style f i e l d  ion ize r .  Pert I 1  descr ibe8 t h e  

work done and t h e  results obtained for the t h i n  iiln f i e ld -emi t t i ng  

The purpose of t h e  work 

The two devices  s tud ied  were t h e  volcano-style f i e l d  ionization 

The e i g h t  gases selected by J P L  were hydrogen, helium, 

cat  hQde. 



PART I: VOLCANO-STYLE FIELD IONIZER 

Descr ipt ion of Volcano f a n  Source 

The SRI volcano-style f i e l d  i o n i z a t i o n  source has  been descr ibed 
1 in d e t a i l  i n  t h e  open l i t e r a t u r e .  Br i e f ly ,  t h e  ion  source  c o n s i s t s  of 

a t h i n  copper f i l m  i n  t h e  shape of a n  inver ted  funnel  or volcano. 

scanning e l e c t r o n  micrograph of a t y p i c a l  source is shown i n  Figure 

l (a) .  S p i c a 1  dimensions are: r i m  diameter ,  20 um; base diameter ,  

120 pm; t h r o a t  length,  20 urn; he ight ,  100 urn. The rim of t h e  volcano is 

covered wi th  submicrometer-diameter needles ,  as shown i n  t h e  scanning 

e l e c t r o n  micrograph in Figure l t b ) .  

mounted below one of t h e  openings i n  a 100 l ines/cm n i c k e l  g r i d  counter- 

electrode. The d i s t a n c e  between t h e  g r i d  and t h e  volcano t i p  is usua l ly  

20 urn or less. 
countere lec t rode  and t h e  volcano i o n i z e s  the  n e u t r a l  molecules p' s s i n g  

through t k e  vclcano th roa t .  A t  t h e  present  t i m e ,  the  volcano film 

s t r u c t u r e  is p r e s s - f i t t e d  onto s 3-mm diameter  pedes t a l  t h a t  has  a 1-am 

diameter  ho le  to a l law sample gas  to  pass through t o  t h e  volcano base. 

A 

When i n  use t h e  volcano is 

A p o t e n t i a l  d i f f e r e n c e  of lOOOV to 3500V between t h e  

Resul t s  

A vo lcam-s ty l e  f i e l d  ion ize r  and its countere lec t rode  and ion  

l ense  assembly were mounted i n  a g l a s s  b e l l  j a r  vacuum s t a t i o n  equipped 

with a 4-inch o i l  d i f f u s i o n  pump and r e f r i g e r a t e d  t r a p .  

s y s t e m  equipped with an  MKS Baratron ca2ac i tance  manometer W - ~ S  connected 

d i r e c t l y  t o  t h e  volcano source, so t h a t  t he  sample gas  pressure  i n s i d e  

the base of thG source could be accura t e ly  measured. The t o t a l  p o s i t i v e  

ion current prvduced by the  ion ize r  was co l l ec t ed  and measured using a 

sh ie lded  Faraday c u p  and e lec t rometer .  

A gas i n l e t  

'W. Aberth and C. A. Spindt ,  I n t .  J .  Mass Spectroz,  Ion Phys., 2, 
183 (1977). 
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I n  t h e  absence of any sanple  gas ,  a l a r g e  beckground s i g n a l  was 

observed. 

f i e l d  i o n i z a t i o n  sigrral .  

t h a t  t he  ion cu r ren t  o r ig ina t ed  from t h e  volcano f i e l d  ion ize r  and t h a t  

it could be focused or defocused in t h e  same manner as ions  formed by 

f i e l d  ion iza t ion  of a sample gas.  

l a r g e  (lo”* to lo-’* A) and va r i ab le ,  i t  was impossible  t u  o b t a i n  

reproducible  ion iza t ion  e f f i c i e n c y  curves f o r  any of t h e  gases  wi th  this 

arrangement. 

It var ied  wi th  ion ize r  p o t e n t i a l  i n  t h e  same way as  a t r u e  

Changing t h e  ion l ense  p o t e n t i a l s  confirmed 

Because t h e  background signal was so 

A volcano-style  f i e l d  ion iza t ion  source was adapted f o r  mounting i n  
SRI’s 60’ 10-inch-radius magnetic s e c t o r  mass spectrometer.  

a t i n g  vol tage  used was 5 kV. 

volcano and t h e  countere lec t rode  w a s  3.8 kV. 

introduced through a gas  i n l e t  systen: equipped wi th  B capac i tance  mano- 

meter to  ensure t h a t  t h e  sample gas  pressure  behind t h e  valcano was 

accura te ly  known. Even without sample gas  present ,  t h e  source  produced 

a large background cur ren t .  

and m/z - 19, presumably H30 . The background s i g n a l  apparent ly  formed 

through f i e l d  desorp t ion  of substances adsorbed onto t h e  ion ize r .  Over 
a period of f i v e  days with the  source a t  500 K ,  t he  H s i g n a l  gradual ly  

decreased while  t he  H 0 f luc tua ted  but  d id  not  show a cons i s t en t  change. 

The background ion iza t ion  var ied  wi th  t h e  ion izer  vo l tage  and was very 

u r s t ab le ,  changing by 20 t o  502 with in  a rew mfnutes. However, because 

t h t .  nii-’$ rpectrometer s epa ra t e s  t h e  background ions  from the  ions formed 

by f i e l d  ion iza t ion  of t h e  sample gzses ,  i t  was poss ib le  t o  ob ta in  
ion iza t ion  e f f i c i e n c y  da ta .  

The acce le r -  

The maximum vol tage  d i f f e r e n c e  between t h e  

Sample gases  were aga in  

+ The major backgroucd ions  were H (m/z - 1 )  
+ 

+ 
+ 

3 

Each of t h e  e i g h t  gases  was admitted i n t o  t h e  ion source and the  

f i e l d  ion iza t io t l  spectrum was r x o r d e d  a t  s eve ra l  i on ize r  vol tages .  The 

i n t e n s i t y  of the  molecular i o n  s i g n a l  w a s  then measured as a func t ion  

of ion izer  vol tage.  The  absorute  ion iza t ion  e f f i c i e n c y  was ca lcu la t ed  

from the  measured sample pressure  and t h e  ccnductance of t h e  volcano 

th roa t .  Ion iza t ion  e f f i c i e n c i e s  a r c  expressed i n  terms of t he  ratio of 

t h e  number of ion de tec ted  t o  the number of sample mc,lerules passing 

through the  volcano source. 
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The ion iza t ion  ef i ' ic iency w a s  found t o  depend very s t rong ly  on t h e  

ion iza t ion  p o t e n t i a l  of t h e  gas  being t e s t ed .  Compounds wi th  lower 

ion iza t ion  p o t e n t i a l s  i on ize  zuch more r e a d i l y  than d~ compounds of 

h igher  i o n i z a t i o n  p o t n e t i a l .  Table I Lists t h e  gases  s tud ied ,  shows 

t h e i r  i on iza t ion  p o t e n t i a l s  and i n d i c a t e s  whether i o n i z a t i o n  was 

de tec tab le .  

Table  I 

Gases Studied 

Ion iza t ion  F ie ld  
Chemical Po t e n t  i a l  Ion iza t ion  

Gas Stud i td  Formula (ev)  Observed 
10.17 Yes b n i a  
10.47 Yes Hydrogen. s u l f i d e  

12.62 Yes Water vapor 

12.5 Weak Methane 

15.43 No Hydrogen 

Argon A r  15.76 No 

Neon N e  2i. 56 No 

H e l i u m  H e  24 .59  &O 

M13 

H2S 

H2° 

cH4 
H2 

The f i e l d  i o n i z a t i o n  spectrum of ammonia showed approximateiy 14% 
+ NH a t  an  i o n i z e r  p o t e n t i a l  of 2 .?  kV. 4 4 

a t  decreasing i o n i z e r  p o t e n t i a l ,  s i n c e  lowering t h e  p o t e n t i a l  favors  

t h e  lower energy f i e l d  desorp t ion  process .  Tht f i e l d  ion iza t ion  

e f f ic ic r tcy  for  ammoniz. is p lo t t ed  a g a i n s t  i on ize r  vo l tage  i n  Figure 2. 

The percentage of NH' itcreases 

The f i e i d  i o n i z a t i o n  spectrum of hydrogen s u l f i d e  was similar t o  

t h a t  of ammonia, b u t  t he  ion iza t ion  e f f i c i e n c y  was lower. 4 t  3.0 bV 

t h e r e  was approximitely 5% H3S 

a t  lower vol tages .  No fragment i c n s  were de tec t ab le .  The ion iza t ion  

e f f i c i e n c y  based on t h e  molecular ion  is shown i n  Figure 2. 

+ and t h e  percentage of t h i s  ion  increased 

For water, t h e  l a r g e s t  peak i n  t h e  f i e l d  ion iza t ion  mass spectrum 
+ was a t  m/z = 37, corresponding t o  H 0 The dominant process  is 5 2 '  

5 
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FIGURE 2 FIELD 1ONIZP.TION EFFICIENCY VERSUS IONIZER ,VOLTAGE FOR AMMONIA. 
HYDROGEN SULFIDE, AND WATER 
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FIGURE 3 FIELD IONIZATION EFFICIENCY CURVE FOR XYLENE 
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t he re fo re  f i e l d  despor t ion  of i o r s  formed ‘n water adsorbed ta !.he 

ion izer .  The t r u e  f i e l d  ion iza t ion  of gas-phase water molecules forms 

ions  a t  m / z  18 with a low, but  measurable e f f i c i e n c y .  

i on iza t ion  e f f i c i e n c i e s  f o r  m/z 18, 19, and 37 a r e  p l o t t e d  i n  Figure 2 .  

The apparent 

+ 
4 A spectrum of mechane conta in ing  p r i m a s i l y  CH could be recorded, 

b u t  t h e  s i g n a l  was so weak and unslceady t b a t  a reproducib le  ion iza t ion  

e f f i c i ency  curve could not  be  obtained.  The i o n i z a t i o n  e f t i c i e n c y  of 

methane would be less than t h a t  f o r  H30 , shown i n  Figure 2 a t  a l l  

i on ize r  vo l tages .  Hydrogen, argon, neon, and helium showed no d e t e c t a b l e  

f i e l d  ion iza t ion .  The ion iza t ion  p o t e n t i a l s  of t hese  compounds a r e  

apparent l )  too high for  them to  be f i e l d  ionized a t  t h e  f i e l d  s t r eng ths  

a t t a i n a b l e  with our present  volcano source and countere lec t rode  configura- 

t i on .  The dependence of i on iza t ion  e f f i c i ency  on the  ion iza t ion  p o t e n t i a l  

of t he  sample is i l l u s t r a t e d  by t h e  ion iza t ion  e f f i c i e n c y  curve of xylene,  

C8HI0, shown i n  Figure 3. 

+ 

Xylene has  a n  ion iza t ion  p o t e n t i a l  of 8 . 5  eV. 
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Obj e: t i v e  

The purpose of t h i s  p a r t  of t h e  p ro jec t  w a s  t o  determine t h e  

f e a s i b i l i t y  of applying t h e  SRI-developed 5000-tip t h i n  f i l m  f i e l d  

emission cathode (rFFEC), shown i n  . i g u r e  4,  t o  t he  ion iza t ion  of 

s e l ec t ed  gases. The immediate in te res t  is i n  a p lane tary  probe mass 

spectrometer t o  be ilcm i n t o  t h e  Jovid., Jtmosphsre. Thus, t he  gases  

inves t iga ted  were those expected t o  be found i n  J u p i t e r ' s  environment, 

I . e . ,  argon, neon, helium, hydrogen, ammonia (HN >, methane (CH4), water 

vapor, and hydrogen s u l f i d e  (H2S) . 

2 

3 

Conventional f i e l d  emitters would no t  be expected t o  be use fu l  f o r  

t h i s  purpose because thev t y p i c a l l y  opera te  i n  the  k i l o v o l t  range, 

and s p u t t e r i n g  c f  t he  t i p  becomes excessive as t h e  pressure  increases  

much above the  :orr l e v e l .  The TFFEC has  heen shown to  produce 

usetu! c u r r e n t s  (mA range,  at r e l a t i v e l y  low v r l t a g e s  (loo\' t o  ZOOV),  

wich r e l a t i v e l y  n e g l i g i b l e  ion spu t t e r ing  of t he  emi t t e r  t i p .  In addi- 

t ion.  t he  TFFEC t i p s  are well sh ie lded  by a c lose ly  spaced (<lpm) anode 

s t ruc tu re .  .'lius, t: could 'he assumed tha:: the  TFFEC might have use fu l  
-6 lifetimes even vkei pera t ing  a t  r e l a t i v e l y  high pressures ,  c . g . ,  i o  

te t o r r .  The ob ;ec t ive  of  our work was t o  determine i f  such an 

asstimption is va l id .  

Experimental Se tue  and Procedure 

The experiment was se tup  as  shown i n  Figure 5, and the  following 

measurements were made: 

0 A TFFEC was examined and mounted i n  t h e  :IHV chamber about 1 cm 
from 8 c o l l e c t o r  c le r+rode .  The L!V chamber was then pumped 
down t o  about 2 x tcrrr and baked oi't a t  350°C. 

--- -. - 
7 
-C. A. Spindt ,  i .  R ~ c r d f e .  I>.  Humphrey, and E:. R. Westrrberg,  
J .  App. P h y s . ,  z, 5248 (1976). 
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The dHV manifold was evacuated and t h e  UHY shut-off va lve  opened. 

The TFFEC vas cooled to roots temperature and v o l t a g e  was app l i ed  
to  o r d u c e  emissior.. (For t h e  first te3ts 10 yA of e l e c t r o n  
emission was used while  we checked ou t  t h e  se tup .  
were done wi th  up to 2 mA emissions.) 

The sample r e s e r v o i r  w a s  evacuated. 

T’le source i n l e t  was evacuated, purged with sainple gas,  evacuated, 
and f i n a l l y  filled with sarnpie gas a t  a p o s i t i v e  p re s su re  rela- 
t i v e  t o  atmosphere. 

Sample gas was admitted i n t o  t h e  sample r e s e r v o i r  with l eak  
valve 1, while t h e  r e s e r v o i r  was pumped wi th  t h e  d i f f u s i o n  
pump system. P res su re  i n  t h e  reservoir was ad jus t ed  to about 
500 ym as indicated OR t h e  thermocouple gage. 

Leak va lve  2 was opened slowly t o  increase t h e  p re s su re  i n  t h e  
I ! !  system t o  between 10-5 and 
gage and r e s i d u a l  gas anelytEr.  

€mission t o  the c o l l e c t o r  was observed and recorded on a c h a r t  
recorder  while t he  vo l t age  app l i ed  t o  t h e  cathode w a s  held 
constant .  

When t h e  emission was s t a b i l i z e d  or a t rend d e f i n i t e l y  i d e n t i f i e d ,  
leak va lve  2 was closed and the  chamber pumpbed back down t o  u l t r a  
vacuum. 
h i s s i o n  was recorded on the  c h a r t  recorder  continuously during 
these  tes ts  t o  r e g i s t e r  changes a t  any time during the  exper- 

Later tests 

torr as measured on t h e  ion 

hi4CI IL s 

The order i n  which the  gases were t e s t e d  was; A r ,  N3, Ne, H2, NH3, 

H S, H20. 2 

Experimental R e s u l t s  

The r e s u l t s  are shown i n  Figures  6 ,  7 ,  and 8. i i w  curves ehown were 
all taken a t  room temperature and are r e p r e s e n t a t i v e  of s e v e r a l  tests for  

each gas except i n  thc case o f  ammonia and hvdrogen sulfide. 

were t e s t e d  o n l y  orwe t.>ach because of  t l w  w t - v  l imited q u a n t i t i e s  

remainir,g in  the  cy l inde r s .  Slncc the e f fcc t  i n  caclr cast\ WRS very 

pos i t i ve ,  the c x p c n s e  o f  p r i i r u r t n g  ncw c y c l i n d c r s  t o  r c p r n t  tht-st .  rcwiilts 

s;cr.i!; urintbcessiirv. Ttic nohIc g:n!;c.s (Ar, He, and No) I\.td v l r t u : \ l l v  no 

e f f e c t  oc tlrc tmissic>ii .  Argoii dLd i n c r c v s e  t h e  t Ir i t . t i i ; i t  icri  m p l i t u d c  

These two 
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to b ~ b e  utent; however, 

coatamhation introduced 

we suspec t  that th i s  increase might be due to  
from t h e  new manifold appara tus ,  since argon 

%ma t h e  f i r s t  gas tested. 

Argon and helium were t h e  only  hi0 gases tested up to lo-’ torr ,  
since in both cases t h e  ion pump seemed to  o p e l a t e  w i th  d i f f i c u l t y  a t  
th is  level, whereas i n  t h e  ld6 range it  seemed t o  work comfortably. 

As seen in Figure  6, helium and neon had no e f f e c t  a t  a l l  cn  t h e  emission 
behavior. 

F igure  7 shovs t h e  r e s u l t s  of two experiments w i t h  nethane. 
Methane produced a d e f i n i t e  i nc rease  i n  e i i s s i o n .  

cathode i n i t i a l l y  operated at  100 a. 
introduced t@ raise t h e  pressure  to  
lncreaaed to 250 @. 

decreased and f i n a l l y  re turned  to t h e  original va lue  after several 
hours. 
and increased to  about 1.6 IPA a f t e r  30 minutes o f  exposure to methane 

(see F Q u r e  7). This  percentage change i s  c o n s i s t e n t  wi th  t h e  r e s u l t  

obtained i n  t h e  100 UA case, Again t h e  emission re turned  t o  t h e  o r i g i n a l  

va lue  when t h e  methane was removed. 

I n  t h e  f i r s t ,  t h e  

Wiehin a n  hour a f t e r  methane was 

torr  electron k i s s i o n  

When t h e  methane ... as pumped away, t h e  emission 

I n  t h e  second experiment, t h e  i n i t i a l  m i s s i o n  was set a t  1 nul 

As shown i n  Figure 7, ammonia and hydrogen s u l f i d e  produced 

r e l a t i v e l y  rap id  inc reases  i n  emission, e.g., 50% i n  about 10 minutes 

f o r  amonfa  compared with approximately 30 minutes f o r  a similar rise 
wi th  methane. The decay time wi th  ammonia, however, was much longer.  

The reason f o r  t h e  unique double hump i n  t h e  hydrogen s u l f i d e  

curve is most l i k e l y  t h a t  t he  gas  cy l inder  w a s  very  nea r ly  exhausted and 

the  p a r t i a l  p ressure  of H2S could have been varying even though the  

t o t a l  p ressure  was held constant .  The RGA was intended to  he lp  i n  

ins tances  of t h i s  kind, but i t  turned ou t  t o  be too i n s e n s i t i v e  t o  pro- 

v ide  any more than q u a l i t a t i v e  information. 

The r e s u l t  obtained with water vapor (shown i n  Figure 8) was one of 

t h e  most su rp r i s ing  and d2amatic of t h e  e n t i r e  set  of experiments. We 

suspect  t h a t  t h e  i n i t i a l  drop i n  emission when the  water leak  was opened 
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st& from the method used to  prepare t h e  water sample; t h a t  is, a 

saall v i a l  of pure water w a s  f rozen wi th  l i q u i d  n i t rogen  and then 

pumped ou t  as is normally done wi th  l i q u i d  mass spectrographic  samples 

having h igh  vapor presstires. 

surroundingj air were very  poss ib ly  also dissolved i n  o r  adsorbed onto 

the water (ice) s u r f a c e  and, t he re fo re ,  not completely pumped away 

before  t h e  l e a k v a l v e  to t h e  UHV system was open&. 

that t h i s  "air" I n  t h e  sample depressed the emission. 

i u p u r i t i e s  were pumped away, t h e  e f f e c t s  of t h e  pure water vapor could 

be seen. 
gas in a later test. 

Thus, some of t h e  c o n s t i t u e n t s  i n  t h e  

The assumption is 
When t h e s e  "air" 

As & quick check of t h i s  hypothesis,  air  was used as sample 

The emission d i d  go down (and s t a b i l i z e )  but  

recovered when t h e  a i r  was pumped ou t  again. 

that decreased the emission, however, and t h i s  a s p e c t  of t h e  e x p e r b e n t  

needs more gtudy than was p o s s i b l e  w i t h i n  t h e  l i m i t e d  scope of the  work 
reported here. 

rate of increase showed I not  unexpected dependence on t h e  pressure,  and 

that t h e  d s s i o n  returned t o  t h e  o r i g i n a l  v a l u e  about 300 hours a f t e r  

:he water l e a k  was shu t  o f f .  

would be shorten t h e  time required t o  r e t u r n  t o  t h e  o r i g i n a l  value.  

A i r  w a s  the  or,.y gas t e s t e d  

Two o t h e r  observat ions on t h e  water curve are t h a t  t h e  

It i s  very l i k e l y  t h a t  heat ing t h e  cathode 

Figure 8 shows t h a t  hydrogen behaved very much l i k e  t h e  pure water 
but wi th  a much longer time f a c t o r .  

the  high pressure was maintained u n t i l  a s a t u r a t i o n  or equi l ibr ium 

e f f e c t  was noted. After 150 minutes t h e  emission leveled off and 

remained constant  f o r  30 minutes before  the leak was s h u t  off. 

the  emission re turned t o  its o r i g i n a l  value many hours a f t e r  t h e  hydrogen 

w a s  pumped away. 

Hydrogen was t h e  only case  where 

Again, 

The emitter w a s  l e f t  on continuously during the  t e s t s  f o r  a t o t a l  

emission time of 1200 hours .  A t  the  end of t h i s  time the cathode was 
removed from the  system and examined. Approximately QY of t h e  t i p s  

appeared to  have f a i l e d .  

17 



Discussion 

This work wad i f i r s t  look i n t o  t h e  f e a s i b i l i t y  of using the  TFFEC 
as a source for  &L c l e c t r o n  impact i on ize r .  

aspects of t h e  work were no t  pursued f u r t h e r .  

be i n t e r e s t i n g  tc know w h a t  i t  is i n  air that causes t h e  emission t o  go 

down, what would be t h e  e f f e c t s  of temperature changes, what is t h e  

Importance of t h e  o rde r  i n  which t h e  gases  were used, what are the  

effects of a number of o the r  gases,  how might d i f f e r e n t  emitter materials 

Thus, several i n t e r e s t i n g  

For example, i t  would 

alter t h e  r e s u l t s ,  etc. 

From t h e  r e s u l t s  obtained i n  t h i s  study, we concluded that 

The TFFEC is capable of ope ra t ing  a t  p re s su re  of up t o  lo-’ 
t o r r  i n  a v a r i e t y  of gases. 

When t h e  TFFEC is operated a t  room temperature, i ts emission 
seems t o  depend g r e a i l y  u4. ’he makeup of t h e  background gas  
in its environment. 

The e f f e c t i v e  work func t ion  of the t i p s  appears  t o  change by 
exposure t o  some gases  but  t o  reach some equi l ibr ium wi th  t h e  
cathode’s environment a t  a given ope ra t ing  condi t ion.  

The change i n  e f f e c t i v e  work funct ion by exposure t o  t h e  gases 
t e s t e d  is completely r e v e r s i b l e  and nondamaging t o  the  cathode 
(within the  pressure range inves t iga t ed ) .  

The TFFEC would probably perform very w e l l  a s  a cathode i n  an 
ion source for t h e  gases tes ted .  

The emission a t  a given vo l t age  v a r i e s  over wide ranges t h a t  
depend on the vacuum environmeat. However, due t o  t h  ex o- 
n e n t i a l  v o l t a  e-currrent  r e l a t i o n s h i o  [I = AV exp - - f o r  a 
given cathode? i t  would be simple t o  dev i se  a f eedacx’d i r cu i t  
t o  maintain a constant  cu r ren t  with moderate vol tage changes. 

g p  

Recomenda t ions 

Based on t h e  r e s u l t s  obtained i n  t h i s  study of the  TFFEC, we recom- 

mend extending t h e  work t o  include o the r  gases e s p e c i a l l y  those found 

i n  a i r ,  t o  determine which gases cause a decrease in emission. The 

e f f e c t s  of long off- t imes also need t o  be s tudied with r e spec t  t o  the  

p o s s i b i l i t i e s  of l o c a l  gas b u r s t s  due t o  desorpt ion when t h e  cathode 

is turned on aga;n. Cleanup by a quick local heating may be des i r ; ib l t> ,  

f o r  example. 
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Another worhthwhile stcdy would to be incorporate the cathode into 

an ionizer system and check the cathode's performance in an actual 
ionizer design. 
commercial RGA or other conveniently available mass analyzer. 

This could be done by rcodifying the ionizer of a 
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